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1. Introduction 
Thc陀 isa comprchcnsivc p吋cctto rca処justthc arablc lancl in thc paclcly ficlcl arca 
in Saga planc which contains many crccks. Thc authors invcstigatccl thc vari、'iat“iono[ 
grouncl wat伐川G訂rlcvcl and soil moist 旧 c in tbc pacl点ωcly白clcl 日adjむoi 凶
JCCはtswcrc stucliたcdwit山:1r陀cs叩pc抗cttωo tl1犯cr叩、ひot以atiol11仕rc凶れ叩'C刀【omricc plants to othcr crops cspccially. 
Thc largc scalc lysimctcr in Saga Univcrsity was usccl for this study， which was 20 
by 20 mctcrs in sizc， contactccl with crccks at no1'th and south sidcs ancl proviclcd with 
obscrv孔tionrooms at cast and wcst sidcs. .Ricc plant ancl soy bcan wcrc plantccl in thc 
no1'thcrl1 and southcrn hal[ o[ thc lysimctcl‘respectivcl，ヘ Sixwclls wcrc installed to 0ふ
scrvc thc ground watcr lcvcls along tl1c two lincs whicI1 werc settled 011 thc ficld surfaec 
in thc dircction from no1'th to south. Soil samplc were collccted at clcpths 01' 5， 12.5， 
20， 27.5 and 35 cm bclo¥v thc surf~lce in thc vieinitics o[ cvery obscrvation wclIs to mcasurc 
soil moisturc ratIo. 
1n adclition to the ficlcl investigation， thc bchavior of grouncl watcr was analyzccl by thc 
finitc clcmcnt methocl. Thc sccpagc rc針。nwas cliviclcl into triangular cl巴mcntsancl 
scvcral bounclary shapcs wcrc sclcctccl for thc analysis. Thc largc scalc computcr 01' 
Kyush¥l Univcrsity was uscd for thc calclllatiol1 o[ potenlIal valucs， ancl thc X-Y plottcr 
o[汚agaUnivcrsity fo1' the dravヘ'111♂01'flow lctS. 
2. Grou除草!W~寄付r Level則1(1Soil民ioist電車reRatio 
in the TesまField
Thc planc and thc sidc figurc of thc largc scalc Iysimctcr arc shown in Figs. 1 and 2. 
Location of chcck points of thc grouncl watcr lcvcl ancl thc soil moisture ratio arc marked 
in Fig. l with 0 and x mark rcspcctivcly. Thc valucs o[ ground watcr Icvcls and soil 
moisturc ratio arc givcn in Fig. 3 ancl Tablc 1. 
3. Application of the FinIte Ele宜主leIはお{ethod
to the Seepage Analysis 
Thc basic cquation o[ thc two climcnsional sccpagc problcrn fi)r stcady statcs can be 
writtcn as Eq. (1) 
8~'C (ι符)叶(kY3手)0 、 ? ， ???? ? ??
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in which H is thc hは dat the point (x， y)andんandんarecocHicients o[ permcability 
iロdirectionso[ x ancl)' axεs. 1γ五、
solvc t山hiおssecpage 1刊)刀roblemη1UI口1C吋cleαr屯 somcbounc吋da凱r‘γうycor口lcli抗tion. Then， the values of V" ancl 
V y will be calculatccl as [ollows; 
?
??
。
????
aH 
V..=ー んや一一uy 
in which V. and Vy represcnt velocities in clirection of x ancl y axes. 
Accorcling、tothe Eulcr's theorem in the problem ofvariational principles， wc havc follow-
mg cquatlOn 
E= )f(x， y， H， -~子~y-)ωy -・.(2)
H E isto be minimized over a bounclccl 1でgion，thcn the neccssary ancl suHicient con-
clition for it is that thc l 
cquatれlon;
;L-A(Jij)-ヰ(JjJ)口() 、 、??，ー ? ??、?
in which 
aH aH 
H守口流7 81EI HY 
1 t can be verificd immediatcly that Eq. (1) is the requirerne以 forthat the volume irト
tcgral， given below， isto be minimizecl. 
E=-}-){kx( ~~J-トん/符 y} 山 dy ...‘・..(4)
The clivision into triangular elements is usccl as shown in Fig. 4. H the coeHiceints 
んanclky arc equal within an element ancl if the function H isιlefined by the nodal values 
in an unique mannεr， the solution of this p1叶)lemwiU bc obtainecl by solving the simul-
taneous equation to minimize the functional E. 
It is assumed that thc clistribution of H shouJd be dcfined as thc first degree equation. 
H=A十Bx+Cy .... .(5) 
Ifthe hydraulic heads in thc three nodes (i， j， m) are given as Hi， HJ and Hm， the matrix 
notation of these values should be writtcn as follows; 
H; 
Hj ... ---(6) 
Hm 1 x1l Y刑 C
'fhcrcfofC、う
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d Xj.Y削 -X"，Yj XmYi-xiYm 必iYj-XjYi Hi 
B 1 4J(7) Yj Ym Ym-Yi Yi Yj 
じぜ Xm-:ピj Xi-Xm エむj-Xi Hm 
in whichム isthc arca of trianglc i，j ancl 1n. Substituting Eq. (5)， thc valuc of H is ob-
lainccl as iollows; 
H=込[{(XjYm ;¥:I1Y州 Yj一ル)叶(おm-X)y}Hi
十{(XIlYi-XiYm)ト(Ym-Yi)ぉ十(Xi xm)y}Hj 
十{(XjYj -X j.!サ十(Yi-y)必十(Xj一向)y}HmJ -・(8)
Thc cliffcrcntiations of 1'unctional E 1'01' thc whole 1'egion arc 
θE 
77Z200=l，2，L ，IL) 
、?
， ?
? ?? ?
• 
in which 1 is thc number 01' lloclcs. Thc conlribulions of cach clcmcnls ShOlllcl bc collcctccl 
101' thc rcspcctivc difih‘clllIalion and thc lotal 01' thcm will bc cqualizcd to zc1'o. For 
aE insta肌 c，thc contribution or cl叩犯nte 1'01'吉正，;， wiJ1 bc writ.cn as Eq・(10)
日ioHO/OH)θH a /aH 九:前 研 c(一ぉ一一一一一 '"y θ子・百万e{~y)}ωY .....(10) 
S1.伽titutI時 Eq.(8) i川oEq. (10)， 
aE" 
θEc 
aHi 
θEヤ 。E"
711ぢ片山了{Hγ4 、??ー? ??θE" 
aHm 
in which [h] is thc secpagc matrix 01' thc elcmcnt ancl it is tbc samc with thc stiffncss ma-
t1'ix in an clastic p1'oblcm. 
lcx(Yj-y"y ん(Ym-Yi)(Yj-Ym) 丸(Yi-Yj)(Yj-y"，) 
+ky(Xm-Xj)2 十ky(Xi-X"，)(Xm一応j) +ky(円-X;)(Xm一円)
ん(y削 - y;)2 lcx(Yi-y)(y削 - Yi) 
十ky(町一応m)2 -十トkY(応川J一応叫i)(必叫i一必X"η削'Il
kιx(Yi一Yj点)2+kyバ(立必円?シJ一応y
・.(12)
symmetrical 
Thcreforでう supcrpositiollof di日crcntialin cach clcments of minimizing the 1'unctIonal 
1'01' thc wholc rcgion 1'ollm刊
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( Hl 
〔んJ¥H2 ニ O
IH 
in which [h] is the seepage mat1'ix fo1' the whole 1'egion. 
-・・・・・・・・(13)
By the above method， the simultaneous equation of the hydl、aulichead may bc solved 
unde1' t:he suitable boundary conclitioll ancl thc clistribution 01' heacl in cach noc1cs will bc 
obtained. 
4. At主alysisof Seepageまbrougha 1¥査odelField 
Thc seepage f10w th1'ough the moclel fie1cl was analyzed by thc finite elcmcnt mcthod 
fo1' thrcc di釘e1'cntclcpths of seepage 1'cgion. Thc divisions 01' the whole 1'cgIons a1'c shown 
in Fig. 6. Thc f10w nets obtained in cach s巴epagcregions a1'C shown in Fig. 7. Similary， 
the f1uxs are sho-wn in Tablc 2. 
Thc potcntial valucs at thc sm・Jace01' thc paclcly ficlcl and at thc watc1' surface of the 
creek， were gIven as 100 ancl 59.l. Aloωn硲gthe ft‘巴eesu1'fi仏ac叩c加nthc scepagc r‘Cq8g.ihOn刊， 1けh閃e 
pot“ent“:m叫1valucs co1'‘l'司日SpOl口lclc仁cltωo th犯ccle巴vations01' 、cachpoぱ11口t“swcαIγ‘'c t凶akcrη1fr‘ひ'orω1口:nthc obscr-
vation data. 
Thc potential va1ucs obtainecl by thc calculation [01' fivc cascs arc shown in Fig. 7 (clivi酬
sion numbcrs ofc1cmcnt， 364， 892， 418， 213， 325). Although the stream lincs a1'c clifc1'cnt 
cach othcr， the equipotcntial lines arc a1most thc samc. Fig. 8 shows thc clif1ercncc 01' 
equipotentia1 lincs 1'01' cases of、clifferαntclepths 01' the seepagc rcgIon. 
According to these results， it is founcl out that thc clepth below thc soil surfacc shows 
a significant inf1uence to this analysis. In a practical fielcl， the coefficicnt of permか
abi1ity will vary along the vcrtica1 clirection， 80that an aclvancecl analysis will be expectecl 
to solve thi日problemcxactly. 
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There is a lancl improvement proj巴ctto enablc thc l'otation from ricc plant to other 
crops in the paclcly fi巴lclin the creek zone of Saga planc. In the paclcly fielcls， which acl醐
join ereeks， thc bchavior‘of g1'ouncl wal位、 andthe vaτiation of soi1l11oIsture are important 
factol's for the growth of field p1ant gcncrally. 
The behavior of grouncl water 1evel ancl thc var‘IatIon of soil moisture in the fie1cl were 
investigatecl in the moclel paclcly fielcl (lysimeter) at Saga University. すhebehavior of 
grouncl water 1evel was observecl by using obscrvation wells， ancl the variation of soi1 
moisture was obtainecl by laboratory tests on the soil samples collceted f1‘om the fielcl at 
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every 5 cm depths within the range [rom the sm私ccto the 35 cm depth. 
1n addition， the behavior oC seepage flow was analyzed by the finite elemcnt mcthod. 
The potcntial valucs and stream lines in seepage region ancl the clischarge oC seepage into 
the creeks Crom both sides of the padcly field were obtaincd. 
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Fig. 8 Comparison of equipotential lincs for dilfercnt clcpths of seepage region. 
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Table 1. Soil moisture ratio 
9f14fl971 9fl9jl971 9f23fl971 
(~も % 。ノ{， o/y t》 % 
5cm 38.20 36.53 35.32 41.82 33.43 
12.5 cm 41.90 40.93 39.55 47.17 40.27 
L-I 20 cm 40.97 42.91 42.21 44.44 38.3.5 
27.5 cm 41.70 44.60 48.26 50.57 49.62 
35 cm 43.28 46.44 58.97 75.90 50.63 
5cm 38.51 42.00 37.66 1.5.27 39.75 
12.5 cm 39.73 42.71 46.00 46.85 45.03 
L-2 20cm 39.94 40.07 46.98 47.86 46.33 
27.5 cm 39.61 44.17 54.37 54.28 46.64 
35 cm 56.09 77.90 51.16 55.65 58.28 
5 cnl 42.05 42.03 38.50 50.05 40.29 
12.5 cm 44.92 47.88 47.61 43.57 45.85 
L-3 20 cm 42.51 50.70 46.36 45.65 45.26 
27.5 cm 48.18 50.80 51.66 51.82 47.60 
35 cm 56.69 54.02 67.62 56.61 60.99 
5cm 39.35 40.87 34'.00 44.12 37.38 
12.5 crn 41.23 42.81 38.83 45.91 43.91 
R-l 20 cm 38.43 42.14 42.11 46.16 44.99 
27.5 cm 43.30 45.58 45.56 48.4.5 48.33 
35 cm 45.30 44'.73 52.07 57.85 50.13 
5 cn1 39.90 "13.18 41.00 45.00 39.18 
12.5 cm 38.51 44.46 44.4.3 48.27 46.66 
R-2 20 cm 43.70 44.69 47.46 50.50 46.56 
27.5 cm 4.5.42 47.21 47.10 4.7.15 49.90 
35 cm 48.45 53.21 59.27 52.46 53.52 
5cm 40.29 40.8.5 40.61 44.43 40.47 
12.5 cm 43.90 47.82 46.85 49.41 4.7.50 
R-3 20cm 43.30 46.82 46.00 45.01 44.65 
27.5 cm 39.33 51.41 50.15 4.5.38 48.41 
35 cm 47.05 53.82 53.25 53.65 51.62 
Table 2. Secpage flUJ・E
T'-T' section 
T-Ts巴ction ?にT'section seepage flux 
Example numbcr flux flux calculatcd by 
(cm3fsfcm) (cm3fsfcm) using flow nct 
(cm3fsfcm) 
No.2 0.364 0.110 0.077 
No.3 0.367 0.104 0.077 
No.4 0.347 0.107 0.077 
No.5 0.434 0.165 
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Table 3. Comparison of calculating time in sccpage analysis by finitc elemci1t 
mcthocl. 
Example Total number Total numbcr Uscd time* Notc 
nurnber 。fnocles 。fclernents 
scc 
No.1 227 364 32.6 Fig.10 
Fig.15 
No.2 512 892 68.3 Fig.11 
Fig.16 
No.3 248 418 34.3 Fig.12 
Fig.17 
No.4 142 213 19.6 Fig.13 
Fig.18 
No.5 200 325 25.6 Fig.14 
Fig.19 
* Duc lo a cornputcr FACOM 230-60 of Compuler Ccntcr， Kyushu Univcrsity 
クワークに隣接する水田の地下水位と含水比について
加来研研.. 問中2宏宏長去P平
(Jl箆丸2乞:梁完梁ti滋髭行総Yi空守伊子戸:彼研f5究ピ活袋三)
構
佐賀平野のクリーク地f告で， 1 ~lH jl翁換を目的とする閥場強備を行なう iìl' llliîが進められている.
直接クリークに隣接している7l<1IIでは，地下水の挙動とかニtゴl~水分の変化が~I日作物の生育にとっ
て退嬰である者等は佐賀大学にある大規模模液水間(ライシメーター)を使郎して，実験を
行ない刻1のq1の地下ノ'1<fjf.の挙動とこ!二機水分の変化について研究した.地下水位のZp;[VJは倒3HJI:に
よってiJI定L，ごl:.j:Jiv1<分の変化はが-J5cmの深さ絡に採取した土壌試1"についての室内試験によ
り求めた.
さらに，浸透流の挙動てと有限要潔法を使用して，理論的に解析した.説Jを領域内のポテンシャ
ノレの依，おUJl.:b'よび水間から両側のクザークへの技法流泣の総合を，この方法によって昔l'持した.
*九州大学j災学昔話
料ごFl'{I水ヱ学研究綴
